基于Kriging模型的地面气温空间插值研究 by Li, Jing-si et al.
Li, Jing-si and Pan, Run-qiu and FAN, Fu-lin (2016) ??Kriging ???????????
??. Journal of Southwest China Normal University (Natural Science 
Edition), 41 (5). pp. 21-27. ISSN 1000-5471 , 
This version is available at https://strathprints.strath.ac.uk/58388/
Strathprints is  designed  to  allow  users  to  access  the  research  output  of  the  University  of 
Strathclyde. Unless otherwise explicitly stated on the manuscript, Copyright © and Moral Rights 
for the papers on this site are retained by the individual authors and/or other copyright owners. 
Please check the manuscript for details of any other licences that may have been applied. You 
may  not  engage  in  further  distribution  of  the  material  for  any  profitmaking  activities  or  any 
commercial gain. You may freely distribute both the url (https://strathprints.strath.ac.uk/) and the 
content of this paper for research or private study, educational, or not-for-profit purposes without 
prior permission or charge. 
Any correspondence concerning this service should be sent to the Strathprints administrator: 
strathprints@strath.ac.uk
The Strathprints institutional repository (https://strathprints.strath.ac.uk) is a digital archive of University of Strathclyde research 
outputs. It has been developed to disseminate open access research outputs, expose data about those outputs, and enable the 
management and persistent access to Strathclyde's intellectual output.
ะӄ Kriging⁗ශⲺ൦䶘≊⑟グ䰪ᨈٲ⹊ガŚ 
ᵾ䶉ᙍ 1       █⏖⿻ 1       㤳俕哏 2 
1. ↖≹བྷᆖ䍴Ⓚо⧟ຳ、ᆖᆖ䲒ˈ↖≹ 430079 
2. ᯟ⢩᣹ᯟݻ㧡ᗧབྷᆖ⭥ᆀо⭥࣋ᐕ〻ᆖ䲒ˈṬ᣹ᯟକ G1 1XW 
᪎㾷φะӄѣള≊䊗ቶᨆבⲺޞള 192Ѡ≊䊗㿸⎁ㄏⲺᰛൽ൦䶘≊⑟δSATεᮦᦤθ࡟⭞ kriging⁗ශሯ⹊
ガ॰ต޻Աᝅփ㖤 SAT䘑㺂ᨈٲ䇺զȾѰҼֵᓊ⭞ӄ kriging⁗ශⲺ䈋僂ᮦᦤ┗䏩ᕧᒩどᙝθ俌ݾֵ⭞ڻ
䠂ਬ㓝ᮦᤕਾᒬৱ䲚৕ᮦᦤѣⲺᒪ䏁ࣵχᒬṯᦤ਺փ㖤Ⲻ൦⨼ආḽθऻᤢ⎭ᤊ儎ᓜૂ㔅㓢ᓜθᤕਾ࠰⹊ガ
॰ตⲺグ䰪䏁ࣵȾਃ䐓⿱ࣖᵹδIDWεᨈٲ⌋֒Ѱ∊䖹ሯ䊗ҕ㻡ᓊ⭞ӄ䈋僂ѣȾ䟽⭞Ӛ৿僂䇷Ⲻᯯᕅθሼ
192Ѡ㿸⎁ㄏד⅗֒Ѱⴤḽ⛯䘑㺂ᨈٲᒬф䈛ㄏⲺᇔ䱻ᮦᦤ∊䖹θ䇗㇍਺ㄏᨈٲ䇺զⲺᒩൽ㔓ሯ䈥ᐤδMAEε
фൽᯯṯ䈥ᐤδRMSEεθԄ㙂∊䖹њ〃ᯯ⌋Ⲻ㋴⺤ᓜȾ㔉᷒㺞᱄ kriging⁗ශ൞ 174Ѡ㿸⎁ㄏᗍࡦⲺᨈٲ㔉
᷒Վӄ IDWᨈٲ⌋Ⱦᒬъθ൞ kriging䗽ぁѣθৱ䲚ᰬ䰪䏁ࣵૂグ䰪䏁ࣵሯ߼⺤㧭਌⹊ガ॰ต޻ SATⲺグ
䰪⴮ީᙝ䎭ࡦҼ䠃㾷֒⭞Ⱦ 
ީ䭤䈃φൠ䶒≄⑙˗Kriging⁑ර˗৽䐍⿫࣐ᵳᨂ٬⌅˗ڵ䟼ਦ㓗ᮠ˗৫䲔ᰦ䰤䎻࣯˗৫䲔オ䰤䎻࣯ 
ѝമ࠶㊫ਧ˖P413          ᮷⥞ḷ䇶⸱˖A            ᮷ㄐ㕆ਧ˖ 
 
≄⑙ㅹ≄䊑ᮠᦞ㓿ᑨᓄ⭘Ҿ≄䊑ᆖˈ⭏ᘱᆖ৺൏ൠ、ᆖㅹ亶ฏⲴᮠᆖ⹄ウ⁑රѝ[1-3]Ǆ
նഐѪ≄䊑㿲⍻ㄉⲴᆹ㻵䍩⭘ᡆᇎൠᆹ㻵᫽֌ਟ㹼ᙗㅹഐ㍐ ⹄ˈウ४ฏ޵≄䊑㿲⍻ㄉⲴᮠ䟿
䙊ᑨᱟᴹ䲀ⲴǄഐ↔ 䶎ˈ㿲⍻ൠ४Ⲵ≄䊑ᮠᦞ䙊ᑨสҾ≄䊑㿲⍻ㄉⲴ㿲⍻ᮠᦞ 䙊ˈ䗷オ䰤ᨂ
٬ᯩ⌅ㅹᮠᆖ㔏䇑⁑ර䘋㹼䇴ՠǄ 
Cao[4]䘹ਆҶޘഭ 327њ≄䊑㿲⍻ㄉ ∄ˈ䖳Ҷ৽䐍⿫࣐ᵳ˄ IDW˅ˈṧᶑ˄ spline˅ˈ kriging-
ᤷᮠ˄exponential˅ˈ kriging-⨳⣦˄spherical˅ˈ ઼ kriging-儈ᯟ˄Gaussian˅ӄ⿽⁑රⲴ≄⑙
ᨂ٬㔃᷌˗ަѝ kriging-ᤷᮠ઼ kriging-⨳⣦⁑රᤕᴹ䖳儈Ⲵ㋮⺞ᓖǄXu[5]䘹ᤙᰦ䰤֌Ѫㅜ
й㔤ᓖˈሶオ䰤 kriging⁑රᤃኅѪᰦオ kriging⁑රˈӾ㘼㘳㲁н਼㿲⍻ㄉ䰤Ⲵᰦオ˄ᰦ䰤
઼オ䰤˅ޣ㌫ˈণḀа㿲⍻ㄉઘ䗩Ⲵ㿲⍻ㄉⲴশਢᮠᦞሩ䈕ㄉᖃࡽ٬Ⲵᖡ૽;նᰦオ kriging
⁑රⲴ䘀㇇ᰦ䰤䖳䮯Ǆ 
ᓄ⭘Ҿ kriging ㅹ㔏䇑⁑රѝⲴᮠᦞ䙊ᑨ䴰㾱┑䏣ᕡᒣっᙗᡆҼ䱦ᒣっᙗ[6]ǄBodri[7]൘
SAT 亴⍻Ⲵ亩ⴞѝˈ֯⭘Ҷഋ亩ڵ䟼ਦ㓗ᮠ⁑ᤏҶᦧݻޡ઼ഭᐳ᣹ṬᐲⲴйᒤᰕ൷ SAT Ⲵ
ᒤ䎻࣯ˈᒦ֯⭘нਜ਼ᒤ䎻࣯Ⲵ↻ᐞᔪ・亴⍻⁑රǄYang[8]สҾڵ䟼ਦ㓗ᮠሩ≄⑙Ⲵᒤਈॆ઼
ᰕਈॆ䘋㹼Ҷ࠶᷀ 㔃˗᷌㺘᰾ӄ亩઼ॱа亩ڵ䟼ਦ㓗ᮠ࠶࡛ਟԕ䍤࠷ൠᤏਸࠪ≄⑙Ⲵᒤਈॆ
઼ᰕਈॆǄ䲔ᰦ䰤䎻࣯ཆ ൘ˈᮤњ⹄ウ४ฏ㤳ത޵ SˈATޣҾ㿲⍻ㄉⲴ⎧ᤄ儈ᓖ઼㓿㓜ᓖⲴ
䎻࣯䶒ҏሶ㻛㓯ᙗᤏਸ[9]Ǆ৫䲔䎻࣯䶒ᡆオ䰤䎻࣯ਟԕ֯ᨂ٬⁑රⲴᔪ・нਇൠ⨶⧟ຳਈ䟿
Ⲵᖡ૽Ǆᵜ᮷ሶ䟷⭘ڵ䟼ਦ㓗ᮠᤏਸ઼㓯ᙗᤏਸ࠶࡛৫䲔 SAT ᮠᦞѝⲴᰦ䰤䎻઼࣯オ䰤䎻
࣯ Ӿˈ㘼ᗇࡠ┑䏣ᕡᒣっᙗⲴ↻ᐞᮠᦞᶕ⺞ᇊkriging⁑රⲴ৲ᮠ ᒦˈሶሩ kriging⁑ර઼ IDW
ᯩ⌅Ⲵᨂ٬䇴ՠⲴ㋮⺞ᓖ䘋㹼∄䖳Ǆ 
1 䍴ᯉоᯩ⌅ 
1κ1 䍺ᯏᶛⓆ 
ᵜ⹄ウ䘹⭘㠚 2011ᒤ 1ᴸ㠣 2013ᒤ 12ᴸйᒤ޵ˈޘഭ 192њ≄䊑㿲⍻ㄉ(ྲമ 1)Ⲵ
ൠ䶒≄⑙˄SAT˅ᰕ൷٬˗㿲⍻ㄉ൘ᡁഭь䜘࠶ᐳᇶ䳶ˈ㘼൘㾯䜘࠶ᐳ䖳〰ቁǄSAT㿲⍻ᮠ
ᦞⓀ㠚ҾĀѝഭൠ䶒ഭ䱵Ӕᦒㄉ≄ى䍴ᯉᰕ٬ᮠᦞ䳶āˈ ⭡Āѝഭ≄䊑、ᆖᮠᦞޡӛᴽ࣑㖁ā
[10]ᨀ׋Ǆᡁഭᑵઈ䗭䱄 ൠˈᖒൠ䊼༽ᵲ ਴ˈൠ≄⑙ᐞᔲ䖳བྷˈྲ 㿲⍻ㄉ 50434˄ ޵㫉ਔ S˅AT
йᒤᒣ൷٬Ѫ-4.3oCˈ㘼㿲⍻ㄉ 59838˄⎧ই˅SATйᒤᒣ൷٬ࡉ儈䗮 25.3oC˗ф਴ൠ⑙ᓖ
⌒ࣘᑵᓖ਴н⴨਼Ǆഐ↔൘オ䰤ᨂ٬⁑රᔪ・Ⲵ䗷〻ѝˈሩ SAT ᮠᦞⲴᰦ䰤䎻઼࣯オ䰤䎻
࣯Ⲵᤏਸ࠶᷀ᱟᗵ㾱ⲴǄ 
                                                        
ķ
 ֌㘵ㆰӻ˖ᵾ䶉ᙍ˄1991-˅ྣˈᆱ༿䬦ᐍӪˈ⺅༛ˈѫ㾱Ӿһ൏ൠ䍴Ⓚ࡙⭘оਟᤱ㔝ਁኅ⹄ウǄ 
ส䠁亩ⴞ˖䶂ᒤ、ᆖส䠁亩ⴞ˄41401446˅ 
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മ 1ޘഭ 192њ≄䊑㿲⍻ㄉ࠶ᐳമ 
1κ2ᯯ⌋ 
ᵜ㢲ሶᨀࠪڵ䟼ਦ㓗ᮠᤏਸᯩ⌅઼㓯ᙗᤏਸᯩ⌅ˈ࠶࡛⭘Ҿᤏਸ SAT ᮠᦞѝⲴᰦ䰤䎻
઼࣯オ䰤䎻࣯˗↔ཆˈᵜ㢲ሶӻ㓽ᒦ∄䖳৽䐍⿫࣐ᵳ˄IDW˅ᨂ٬⌅઼ kriging⁑රǄ 
1.2.1 ৱ䲚ᰬ䰪䏁ࣵ 
ᓄ⭘Ҿ kriging ㅹ㔏䇑⁑රѝⲴᮠᦞ䙊ᑨ䴰㾱┑䏣ᕡᒣっᙗˈ৸〠Ҽ䱦ᒣっᙗǄ┑䏣Ҽ
䱦ᒣっᙗⲴᮠᦞⲴᒣ൷٬઼ᯩᐞ൷н䲿ᰦ䰤㘼ਈॆ 㘼ˈфᮠᦞⲴ㠚ॿᯩᐞਚоᰦ䰤䰤䳄ᴹޣ
[11]Ǆ䶎ᒣっᮠᦞѝਜ਼ᴹⲴ䎻࣯ሶՊ䈟ሬሩਈ䟿ѻ䰤⴨ޣᙗԕ৺а⇥ᰦ䰤ᒿࡇⲴ㠚⴨ޣᙗⲴ
࠶᷀Ǆഐ↔ˈ൘ᓄ⭘ kriging⁑රѻࡽˈ䶎ᒣっᮠᦞѝਜ਼ᴹⲴ䎻࣯ᓄ䈕㻛৫䲔Ǆ 
ᡁԜሶ⭘ 亩ڵ䟼ਦ㓗ᮠ[7]ᤏਸࠪ਴≄䊑㿲⍻ㄉ SATⲴᒤ䎻࣯˖ 
                   ˄1  ˅
ަѝ ઼ ᱟㅜ ⅑䉀⌒Ⲵ㌫ᮠˈ ᱟᮠᦞⲴ㺕گˈ ԓ㺘仁⦷[7]Ǆᵜ ᮷ѝ ਆ 6ˈ ਆ Ǆ 
1.2.2 ৱ䲚グ䰪䏁ࣵ 
൘≄⑙ᨂ٬Ⲵ⹄ウѝˈ⎧ᤄ儈ᓖ䙊ᑨ㻛㿶Ѫᖡ૽≄⑙Ⲵ䟽㾱ഐ㍐ѻа[4,12-13]Ǆሩ⍱ቲѝ
≄⑙䲿⵰⎧ᤄ儈ᓖⲴॷ儈㘼䱽վⲴ䙏⦷ˈ〠Ѫ≄⑙ⴤ߿⦷˄lapse rate of temperature [˅14]Ǆส
Ҿ CaoⲴ⹄ウ[4]ˈᵜ ᮷ѝٷ䇮⹄ウ४ฏⲴ≄⑙ⴤ᧕߿⦷൷Ѫ ሶˈսҾн਼⎧ᤄ儈ᓖ
Ⲵ਴㿲⍻ㄉⲴ SAT ᒣ൷٬䖜ᦒᡀ⎧ᒣ䶒儈ᓖкⲴᒣ൷٬˗䲿ਾ䟷⭘ཊݳ㓯ᙗޜᔿ[13]ᤏਸࠪ
⎧ᒣ䶒儈ᓖкⲴ≄⑙ᒣ൷٬ޣҾ㓜ᓖ઼㓿ᓖⲴ䎻࣯䶒ǄᤏਸࠪⲴ䎻࣯䶒൘ᓄ⭘ IDWᨂ٬⌅
઼ kriging ⁑රࡽӾ৏ᮠᦞѝ৫䲔ˈӾ㘼؍䇱ᨂ٬⁑රⲴᔪ・нਇൠ⨶⧟ຳഐ㍐Ⲵᖡ૽Ǆⴞ
ḷ⛩ᡰሩᓄⲴ䎻࣯䶒Ⲵᮠ٬ሶ␫࣐ࡠ↻ᐞⲴᨂ٬㔃᷌ˈ֌Ѫ䈕ⴞḷ⛩ᴰ㓸Ⲵ䇴ՠ٬Ǆ 
1.2.3 ਃ䐓⿱ࣖᵹᨈٲ⌋ૂ kriging⁗ශ 
৽䐍⿫࣐ᵳ˄IDW˅ᨂ٬⌅઼ kriging ⁑ර൷ሶⴞḷ⛩ઘ䗩Ⲵṧᵜ⛩㿲⍻٬Ⲵ࣐ᵳᒣ൷
٬֌Ѫ䈕ⴞḷ⛩Ⲵ䇴ՠ٬[15]˖ 
               ˄2  ˅
ަѝ ઼ ࠶࡛Ѫⴞḷ⛩ Ⲵ䇴ՠ٬઼ṧᵜ⛩ Ⲵ㿲⍻٬˗ ઼ ࠶࡛Ѫ
઼ Ⲵᵏᵋ٬ᡆ䎻࣯ˈ ᱟṧᵜ⛩Ⲵᮠⴞˈ ࡉᱟṧᵜ⛩ Ⲵᵳ䟽Ǆ 
৽䐍⿫࣐ᵳᨂ٬⌅ѝˈṧᵜ⛩ ᡰঐⲴᵳ䟽 оަࡠⴞḷ⛩ Ⲵ䐍⿫ ᡀ৽∄[16]  ˖
                          ˄3  ˅
ަѝ Ѫᑲ⅑ˈ൘ᵜ⹄ウѝ ٬ਆ 2Ǆ 
Kriging⁑රԕՠ䇑䈟ᐞⲴᯩᐞᴰሿѪḷ߶ᶕ䘹ਆ৲ᮠ ǄKriging⁑රⲴ৲ᮠнӵਇ
ṧᵜ⛩оⴞḷ⛩Ⲵ䐍⿫ᖡ૽ˈᖸབྷ〻ᓖк䘈ਇ਴⛩ѻ䰤Ⲵオ䰤⴨ޣᙗᖡ૽[17-18]˖ 
                               ˄4  ˅
ަѝ ᱟṧᵜ⛩ѻ䰤ॿᯩᐞ㓴ᡀⲴ⸙䱥ˈ ࡉᱟⴞḷ⛩оṧᵜ⛩ѻ䰤ॿᯩᐞ㓴ᡀⲴੁ䟿Ǆ⸙
䱥 ઼ੁ䟿 ѝⲴݳ㍐⭡ањޣҾ䐍⿫Ⲵ࠭ᮠ⁑ර≲ࠪǄ⭡ṧᵜ⛩кнਜ਼ᰦオ䎻࣯Ⲵ↻ᐞ䇑
㇇ᗇࡠⲴ㓿傼ॺᯩᐞ ˈሶ⭘Ҿᤏਸ䈕࠭ᮠ⁑ර˖ 
                   ˄5  ˅
ަѝ ᱟ䐍⿫䰤䳄Ѫ Ⲵєṧᵜ⛩к㿲⍻٬ ઼ Ⲵሩᮠˈ䐍⿫䰤䳄 ҏ〠Ѫ┎
ਾ䐍Ǆ൘аᇊ┎ਾ䐍㤳ത޵ ॺˈᯩᐞ䙊ᑨ䲿⵰┎ਾ䐍Ⲵ໎䮯㘼໎བྷǄॺᯩᐞ䲿┎ਾ䐍ਈॆⲴ
࠭ᮠ䙊ᑨ〠Ѫਈᐞ࠭ᮠ[19]Ǆ䙊ᑨ֯⭘ԕлᮠᆖ⨶䇪⁑රሩ㓿傼ॺᯩᐞ 䘋㹼ᤏਸ[19]˖ 
     ⨳⣦⁑ර                         ˄6  ˅
     ᤷᮠ⁑ර                         ˄7  ˅
     儈ᯟ⁑ර                         ˄8  ˅
ަѝˈ৲ᮠ ᱟĀඇ䠁٬˄Nugget ā˅ˈ ԓ㺘オ䰤н⴨ޣಚ༠ˈਟ⨶䀓Ѫ┎ਾ䐍ᶱሿⲴє⛩ѻ
䰤ӽާᴹаᇊⲴオ䰤ਈᔲᙗǄ൘⨳⣦⁑රѝˈॺᯩᐞ൘Āਈ〻˄Range ā˅ ༴䗮ࡠᴰབྷ٬ˈ
〠ѪĀสਠ٬˄Sill ā˅ˈ ㅹҾ ˗┎ਾ䐍൘ਈ〻ѻ޵Ⲵє⛩ާᴹオ䰤⴨ޣᙗˈ㘼┎ਾ䐍
䎵ࠪਈ〻Ⲵє⛩ሶӂн⴨ޣǄ൘ᤷᮠ⁑ර઼儈ᯟ⁑රѝ ॺˈᯩᐞ䲿⵰┎ਾ䐍໎࣐㘼䙀⑀䙬䘁
สਠ٬ ൘˗ਈ〻༴ єˈ㘵Ⲵॺᯩᐞ٬Ѫ Ǆ৲ᮠ 䙊ᑨ〠ѪĀᤡ儈˄ Partial Sill ā˅[19]Ǆ 
䙊䗷㿲ሏ㓿傼ॺᯩᐞ䲿┎ਾ䐍Ⲵਈॆˈ䘹ᤙਸ䘲Ⲵ⨶䇪⁑රˈᒦ䘀⭘ᴰሿҼ҈ᤏਸ[20]
ᶕ⺞ᇊਈᐞ࠭ᮠ⁑රѝⲴ㌫ᮠǄ޽⭡ᤏਸࠪⲴਈᐞ࠭ᮠ઼є⛩䰤Ⲵ┎ਾ䐍ˈ䇑㇇ࠪ⸙䱥 ઼
ੁ䟿 ѝ਴ॿᯩᐞݳ㍐ ˖ 
                                                          ˄9  ˅
བྷ䟿㿲⍻ㄉⲴᆈ൘ሶՊሬ㠤ᮠ䟿ᓎབྷⲴ㓿傼ॺᯩᐞ⛩ Ӿˈ㘼໎࣐䇑㇇ᵪᤏਸ㓿傼ॺᯩᐞ
Ⲵ䘀㇇ᰦ䰤˗↔ཆˈབྷ䟿Ⲵ㓿傼ॺᯩᐞ⛩н㜭ᆼޘൠփ⧠ࠪަᡰ䚥ᗚⲴᮠᆖ⨶䇪⁑ර[21]Ǆ
ഐ↔ᵜ⹄ウ䟷⭘ Binningᯩ⌅[21] ሶˈ㓿傼ॺᯩᐞ⛩ṩᦞሩᓄⲴ┎ਾ䐍ᖂޕࡠн਼Ⲵ┎ਾ䐍㤳
തѝ ˈ࠶࡛䇑㇇ࠪ਴┎ਾ䐍㤳ത޵㓿傼ॺᯩᐞ઼┎ਾ䐍Ⲵᒣ൷٬Ǆᯠ⭏ᡀⲴ┎ਾ䐍઼ሩᓄⲴ
㓿傼ॺᯩᐞሶ⭘Ҿਈᐞ࠭ᮠⲴᤏਸǄ 
ᵜ⹄ウѝ⎹৺Ⲵᮠᆖ䘀㇇൷൘MATLAB[22]кᇎ⧠Ǆ 
2 㔃᷌о࠶᷀ 
2.1 ᰬ䰪䏁ࣵфグ䰪䏁ࣵ 
ᵜ㢲䘹ਆ࠶࡛սҾᡁഭьই˄㿲⍻ㄉ 58477ˈ⎉⊏˅ˈ ьे˄㿲⍻ㄉ 53192ˈ޵㫉ਔ˅ˈ
㾯े˄㿲⍻ㄉ 51156ˈᯠ⮶˅઼㾯ই४ฏ˄㿲⍻ㄉ 55591ˈ㾯㯿˅Ⲵഋњ㿲⍻ㄉǄสҾ 6亩
ڵ䟼ਦ㓗ᮠᤏਸࠪᆳԜйᒤⲴᰦ䰤䎻࣯Ǆമ 2ኅ⽪Ҷ 2013ᒤഋњ㿲⍻ㄉⲴ SATᒤ䎻࣯ˈਟ
ԕⴻࠪˈսҾн਼४ฏⲴ㿲⍻ㄉⲴ SATᒤ䎻࣯ᐞᔲ䖳བྷ˖ަѝ޵㫉ਔ઼ᯠ⮶Ⲵ SATᒤ䎻࣯
Ⲵ䎧Կ䖳བྷˈ㘼⎉⊏઼㾯㯿Ⲵ SATᒤ䎻࣯Ⲵ䎧Կ⴨ሩ䖳ሿǄ 
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മ 2 2013ᒤഋњ≄䊑㿲⍻ㄉⲴᒤ䎻࣯ᤏਸ 
മ 3˄a)ኅ⽪Ҷ䖜ᦒࡠ⎧ᒣ䶒儈ᓖⲴ਴㿲⍻ㄉ SATᒣ൷٬˄ ˅䲿㓜ᓖⲴਈॆˈަ
ѝ㿲⍻ㄉⲴ ٬оަ㓜ᓖⲴ⴨ޣ㌫ᮠѪ-0.85Ǆਟԕਁ⧠㓜ᓖ䖳儈Ⲵ㿲⍻ㄉⲴ ٬Პ䙽
䖳վˈަѝ㓯ᙗᤏਸⲴᯌ⦷㓖Ѫ-0.73Ǆ൘⹄ウ䗷〻ѝਁ⧠ˈ ٬վҾ㓜ᓖ䎻࣯䶒Ⲵ㿲⍻
ㄉ൷䶐䘁ᡁഭь䜘৺ьই䜘⎧የ㓯Ǆ⭡↔᧘⍻ˈ ٬ਟ㜭䘈ਇ㿲⍻ㄉо⎧የ㓯䐍⿫Ⲵᖡ
૽Ǆ㘼ঠᓖ⌻ഐௌ傜᣹䳵ኡ㜹Ⲵ䱫ᥑˈሩᡁഭ㾯ই䜘㿲⍻ㄉⲴ ٬ᖡ૽䖳ሿ[23]ǄӾ਴㿲
⍻ㄉⲴ ٬ѝ৫䲔ަ⴨ሩᓄⲴ㓜ᓖ䎻࣯䶒Ⲵ٬ᗇࡠᯠⲴ ٬Ǆ਴㿲⍻ㄉⲴ ٬о
ަ㓿ᓖⲴ⴨ޣ㌫ᮠѪ-0.81Ǆഐ↔ˈྲമ 3˄b˅ᡰ⽪ˈٿьⲴ㿲⍻ㄉⲴ ٬䙊ᑨ䖳վˈ
ަѝ㓯ᙗᤏਸⲴᯌ⦷Ѫ-0.24ǄสҾԕк࠶᷀ ਴ˈ㿲⍻ㄉ SAT٬䖜ᦒࡠ⎧ᒣ䶒儈ᓖਾⲴ
٬䙊ᑨ⋯ьेᯩੁ㘼䙀⑀䱽վǄ 
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മ 3⎧ᒣ䶒 ٬ޣҾ㓜ᓖⲴ䎻࣯䶒˄a˅઼ ٬ޣҾ㓿ᓖⲴ䎻࣯䶒˄b˅ 
٬ᗇ⌘᜿Ⲵᱟ ᖃˈ֯⭘ڵ䟼ਦ㓗ᮠᰦ ᮠˈᦞ㺕گ亩 ԓ㺘Ҷ㿲⍻ㄉⲴ SATᒣ൷٬˄ ˅ˈ
ᡰԕ㓿䗷৫䲔ᰦ䰤䎻࣯ᯩ⌅ਾᗇࡠⲴ↻ᐞᒣ൷٬Ѫ 0˗ӾḀ⿽䀂ᓖᶕ䈤ˈ৫䲔ᰦ䰤䎻࣯ᯩ⌅
нӵ৫䲔Ҷ਴㿲⍻ㄉк SAT ᮠᦞⲴᰦ䰤䎻࣯ˈҏ৫䲔Ҷ⹄ウ४ฏ޵Ⲵオ䰤䎻࣯ˈᡰԕᗇࡠ
Ⲵ↻ᐞᰒнਜ਼ᰦ䰤䎻࣯ˈҏнਜ਼オ䰤䎻࣯Ǆնᱟⴞḷ⛩ሩᓄⲴオ䰤䎻࣯Ⲵᮠ٬ˈণ ᱟᵚ⸕
Ⲵˈᡰԕᤏਸࠪ৏ᮠᦞ ٬Ⲵオ䰤䎻࣯ӽᱟᗵ㾱ⲴǄ 
2.2 Kriging⁗ශⲺᔰ㄁ 
สҾ৫䲔ᰦ䰤䎻઼࣯オ䰤䎻࣯ਾᗇࡠⲴ↻ᐞᮠᦞˈ䙊䗷ޜᔿ˄5˅ᗇࡠ㓿傼ॺᯩᐞ˄ྲ
മ 4 Ǆ˅Ӿമ 4ਟⴻࠪˈ㓿傼ॺᯩᐞ൘㓖 0-1500km┎ਾ䐍ᰦ੸ᤷᮠ໎䮯˗൘㓖 1500-3000km
┎ਾ䐍޵䚥ᗚ⨳⣦⁑ර˗㘼൘㓖 3000km┎ਾ䐍ཆオ䰤⴨ޣᙗ⎸ཡǄ 
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മ 4สҾ↻ᐞⲴ㓿傼ਈᐞ࠭ᮠ઼ᤏਸਈᐞ࠭ᮠ 
สҾԕк࠶᷀ˈᵜ⹄ウѝ㓿傼ਈᐞ࠭ᮠሶ⭡ᤷᮠ⁑ර઼⨳⣦⁑රⲴ㓴ਸ⁑ර䘋㹼ᤏਸ: 
     ˄ 10  ˅
⭘ޜᔿ˄10˅ሩ㓿傼ਈᐞ࠭ᮠ䘋㹼ᤏਸˈᗇࡠⲴᤏਸ㌫ᮠ࠶࡛Ѫ˖ 
   
   
⭡ᤏਸ㌫ᮠਟ⸕ˈਈᐞ࠭ᮠ⁑රⲴඇ䠁٬Ѫ ˈสਠ٬Ѫ ˈਈ〻Ѫ Ǆ 
2.3 IDWᨈٲ⌋ф Kriging⁗ශⲺᨈٲ㔉᷒∊䖹 
ᵜ⹄ウ䟷⭘Ӕ৹傼䇱˄cross-validation˅[24]Ⲵᯩᔿˈሶ਴㿲⍻ㄉ׍⅑֌Ѫⴞḷ⛩䘋㹼オ
䰤ᨂ٬ˈᒦሶᨂ٬㔃᷌оⴞḷ⛩Ⲵᇎ䱵㿲⍻٬䘋㹼∄ሩǄ䙊䗷䇑㇇ᒦ∄䖳 IDW ᨂ٬⌅઼
Kriging ⁑රⲴᒣ൷㔍ሩ䈟ᐞ˄MAE˅઼൷ᯩṩ䈟ᐞ˄RMSE˅[24]ˈӾ㘼ሩє⿽ᨂ٬ᯩ⌅Ⲵ
ᨂ٬㺘⧠䘋㹼䇴ՠ઼࠶᷀: 
                       (11) 
                     (12) 
മ 5ኅ⽪Ҷ Kriging⁑ර⴨∄Ҿ IDWᨂ٬⌅ޣҾMAE઼ RMSEⲴᨀॷǄ 
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മ 5 Kriging⁑ර⴨∄Ҿ IDWᨂ٬⌅ޣҾMAE઼ RMSEⲴᨀॷ 
⭡മ 5ਟⴻࠪ kˈriging⁑ර⴨∄Ҿ IDWᨂ٬⌅ޣҾMAE઼ RMSEⲴᨀॷⲮ࠶∄⴨լǄ
൘ 174њ㿲⍻ㄉ˄ঐᙫᮠⲴ 90.63%˅кˈkriging⁑රⲴMAE٬վҾ IDWᨂ٬⌅˗൘ 176
њ㿲⍻ㄉ˄ঐᙫᮠⲴ 91.67%˅к kˈriging⁑රⲴ RMSE٬վҾ IDWᨂ٬⌅Ǆ↔ཆ kˈriging
⁑ර൘㓖 50њ㿲⍻ㄉ˄ ঐᙫᮠⲴ 26.04% к˅ޣҾMAE઼ RMSEⲴᨀॷ∄䖳ᱮ㪇 䎵ˈ䗷 50%Ǆ
ഐ↔ˈkriging⁑ර൘བྷཊᮠⴞḷ⛩кⲴ SATᨂ٬㔃᷌ՈҾ IDWᨂ٬⌅Ǆ 
2.4 㔉᷒࠼᷆ 
⭘ᮠᆖ⨶䇪⁑රਸ⨶ൠ᧿䘠⹄ウ४ฏ޵਴㿲⍻ㄉ SATᮠᦞѻ䰤Ⲵオ䰤⴨ޣᙗᱟ kriging
⁑රᔪ・䗷〻ѝⲴޣ䭞↕僔 㘼ˈᗇࡠ߶⺞Ⲵ㓿傼ॺᯩᐞ࠭ᮠࡉᱟᤏਸᮠᆖ⨶䇪⁑රⲴ䟽㾱ࡽ
ᨀǄнਜ਼ᰦオ䎻࣯Ⲵ SAT↻ᐞᮠᦞԓ㺘Ҷ਴ṧᵜ⛩Ⲵ SAT٬⴨ሩҾ㠚䓛䎻࣯Ⲵॷ儈ᡆ㘵䱽
վⲴ⌒ࣘˈ⴨∄Ҿ৏ᮠᦞާᴹᴤ儈ⲴᒣっᙗǄ䈅傼㔃᷌㺘᰾ˈ⭡ӵ㓿䗷≄⑙ⴤ߿⦷༴⨶Ⲵ
SAT ᮠᦞ䇑㇇ᗇࡠⲴ㓿傼ॺᯩᐞⲴᴰབྷ٬Ⲵᮠ䟿㓗䎵䗷 2˗㘼⭡нਜ਼ᰦオ䎻࣯Ⲵ SAT ↻ᐞ
ᮠᦞᗇࡠⲴ㓿傼ॺᯩᐞⲴᴰབྷ٬Ⲵᮠ䟿㓗㓖Ѫ 1 ᒦˈф㜭ཏᴤⴤ㿲ൠ৽᱐ࠪ㓿傼ॺᯩᐞ࠭ᮠ
䚥ᗚⲴᮠᆖ⨶䇪⁑රǄ↔ཆˈᵜ ⹄ウ㔃ਸҶᤷᮠ⁑ර઼⨳⣦⁑ර਴㠚Ⲵ⢩⛩ˈᴤ䍤࠷ൠ᧿䘠
Ҷ㓿傼ॺᯩᐞ࠭ᮠ൘䘁৏⛩༴઼ѝ䐍⿫┎ਾ䐍Ⲵн਼ਈॆǄ 
⭡ kriging⁑රⲴᯩ⌅ӻ㓽ਟ⸕ˈkriging⁑ර࠶䝽㔉਴ṧᵜ⛩Ⲵᵳ䟽ˈнӵਇṧᵜ⛩о
ⴞḷ⛩ѻ䰤䐍⿫Ⲵᖡ૽ˈ਼ ᰦ䘈ਆߣҾṧᵜ⛩оⴞḷ⛩ѻ䰤ԕ৺ṧᵜ⛩оṧᵜ⛩ѻ䰤Ⲵオ䰤
⴨ޣᙗǄᡰԕˈ㤕ᆈ൘єњオ䰤⴨ޣᙗ䖳儈˄䐍⿫䖳䘁˅Ⲵṧᵜ⛩ˈࡉަѝањṧᵜ⛩ᡰ࠶
䝽ࡠⲴᵳ䟽䙊ᑨሶՊ൘ kriging 䗷〻ѝ㻛ࡺᕡǄ൘਴ੁ਼ᙗⲴ४ฏ޵ˈྲ᷌⭡࠶ᐳ䗷Ҿ䳶ѝ
Ⲵṧᵜ⛩㓴ᡀⲴṧᵜ᯿㗔˄cluster˅оа⤜・Ⲵṧᵜ⛩ࡠⴞḷ⛩Ⲵ䐍⿫⴨䘁ˈࡉ kriging ⁑
ර࠶䝽㔉ṧᵜ᯿㗔䟼Ⲵṧᵜ⛩Ⲵᵳ䟽ѻ઼᧕䘁Ҿ⤜・ṧᵜ⛩Ⲵᵳ䟽˗㘼 IDWᨂ٬⌅ࡉㆰঅ
ൠ㘳㲁ṧᵜ⛩оⴞḷ⛩Ⲵ䐍⿫ˈ࠶䝽㔉ṧᵜ᯿㗔䟼⇿њṧᵜ⛩ԕ৺⤜・ṧᵜ⛩⴨਼Ⲵᵳ䟽ˈ
Ӿ㘼֯ⴞḷ⛩Ⲵ䇴ՠ٬䗷࠶׍䎆Ҿṧᵜ᯿㗔Ǆഐ↔ˈkriging ⁑රᢺṧᵜ᯿㗔㿶֌ањ⤜・
Ⲵṧᵜ⛩ˈӾ㘼ᖸྭൠ䀓ߣҶ䜘࠶ṧᵜ⛩࠶ᐳ䗷Ҿ䳶ѝⲴ䰞仈[25]Ǆ 
䙊䗷㿲ሏ IDWᨂ٬⌅䇴ՠ㔃᷌䖳ྭⲴⴞḷ⛩Ⲵս㖞ˈਟԕਁ⧠䘉Ӌⴞḷ⛩ઘ䗩Ⲵṧᵜ
⛩࠶ᐳ൷रф⋑ᴹṧᵜ᯿㗔Ⲵᆈ൘ˈᡆ㘵ઘ䗩Ⲵṧᵜ⛩〰ቁˈྲѝഭ㾯ेൠ४˄ᯠ⮶ Ǆ˅ഐ
↔ˈkriging⁑රⲴՈ⛩൘ሩ↔㊫ⴞḷ⛩䘋㹼ᨂ٬䇴ՠᰦ⋑ᴹᗇࡠփ⧠Ǆ 
3 㔃䇪о䇘䇪 
ᵜ᮷䈖㓶ൠӻ㓽Ҷ kriging⁑රо IDWᨂ٬⌅Ⲵᔪ・䗷〻 ᒦˈ∄䖳Ҷє⿽ᨂ٬ᯩ⌅ሩൠ
䶒≄⑙˄SAT˅䇴ՠⲴ㋮⺞ᓖǄKriging ⁑රԕՠ䇑䈟ᐞⲴᯩᐞᴰሿѪⴞḷᶕ⺞ᇊ਴ṧᵜ⛩
Ⲵᵳ䟽ˈަ䗷〻䖳 IDWᨂ٬⌅ᴤ࣐㋮㓶༽ᵲǄ 
൘ᔪ・ kriging ⁑ර䗷〻ѝˈ䟷⭘৫䲔オ䰤䎻઼࣯৫䲔ᰦ䰤䎻࣯Ⲵᯩ⌅ˈᗇࡠҶ┑䏣а
ᇊᒣっᙗⲴ↻ᐞǄ⭡䘉Ӌ↻ᐞ䇑㇇ᗇࡠⲴ㓿傼ਈᐞ࠭ᮠ㜭ᴤ߶⺞ൠ㺘䗮ࠪ⹄ウ४ฏ޵ SAT
Ⲵオ䰤⴨ޣᙗ ҏˈѪ䲿ਾਈᐞ࠭ᮠⲴᤏਸ䎧ࡠҶ㢟ྭⲴ䬪ෛǄᵜ ⹄ウѝ֯⭘Ⲵᮠᆖ⨶䇪⁑ර
㔃ਸҶᤷᮠ⁑ර઼⨳⣦⁑රⲴ⢩⛩ˈഐ↔ሩ㓿傼ਈᐞ࠭ᮠⲴᤏਸᴤ࣐䍤࠷Ǆ 
䈅傼㔃᷌㺘᰾ˈkriging⁑ර൘䎵䗷 90%ⴞḷ⛩Ⲵ SATオ䰤ᨂ٬㔃᷌ՈҾ IDWᨂ٬⌅Ǆ
䘉ᱟഐѪ kriging ⁑ර൘⺞ᇊ਴ṧᵜ⛩ᵳ䟽ᰦˈнӵ㘳㲁Ҷަоⴞḷ⛩Ⲵ䐍⿫ˈҏެ亮Ҷṧ
ᵜ⛩оⴞḷ⛩ѻ䰤ԕ৺ṧᵜ⛩оṧᵜ⛩ѻ䰤Ⲵオ䰤⴨ޣᙗ Ӿˈ㘼䀓ߣҶⴞḷ⛩ઘ䗩Ⲵ䜘࠶ṧ
ᵜ⛩䗷Ҿᇶ䳶㘼ᖒᡀṧᵜ᯿㗔Ⲵ䰞仈Ǆᖃઘ䗩ṧᵜ⛩࠶ᐳ൷रфнᆈ൘ṧᵜ᯿㗔 ᡆˈઘ䗩ṧ
ᵜ⛩〰ቁᰦˈIDWᨂ٬⌅Ⲵᨂ٬㔃᷌᧕䘁 kriging⁑රˈ⭊㠣ᴤ࣐㋮⺞Ǆഐ↔ˈа⿽オ䰤ᨂ
٬ᯩ⌅н㜭؍䇱䘲⭘ҾᡰᴹṸֻǄሩҾн਼⿽㊫Ⲵ⹄ウᮠᦞ ᡆˈн਼ᰦ䰤⇥ᡆн਼⹄ウ४ฏ
Ⲵ਼⿽㊫ᮠᦞ 䴰ˈ㾱ቍ䈅ཊ⿽ᨂ٬ᯩ⌅ᒦ∄䖳ަᨂ٬㋮⺞ᓖ Ӿˈ㘼ᗇࡠ䘲⭘ҾḀ⿽ṸֻⲴᨂ
٬ᯩ⌅[25]Ǆ 
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Spatial Interpolation of Surface Air Temperature by Kriging 
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Abstract This paper aims to describe spatial interpolation methods to estimate surface air 
temperatures (SATs). The SAT at a particular location where SAT observations are not available is 
estimated through a kriging interpolation between SAT measurements from 192 meteorological 
sites at which daily SAT observations have been obtained. A temporal de-trending method based 
on a Fourier series is used to model and remove the annual trend in original data in order to ensure 
the stationarity of de-trended data from which kriging parameters are determined. Furthermore, a 
spatial or surface de-trending in terms of geographic coordinates including altitude, latitude and 
longitude of each location is adopted in a kriging model. Besides a kriging model, an inverse 
distance weighting (IDW) interpolation method is tested as a comparison. The accuracies of both 
spatial interpolation approaches are assessed by calculating and comparing their mean absolute 
error (MAE) and root mean square error (RMSE) when taking each meteorological site as the 
target location in a cross-validation procedure. The results show that the kriging model performs 
better than the IDW method at 174 sites. In addition, the temporal and spatial de-trending methods 
make the main contribution to the accurate capture of spatial correlations of SATs in the study area 
in a kriging process. 
Key words  Surface air temperature˗ Kriging model˗ Inverse distance weighting method˗ 
Fourier Series˗ Temporal de-trending˗Spatial de-trending 
